The experiment was carried out on four groups of Hy-Line var. Brown hens (n = 350 each) fed on diets which provided 2. 49, 3.07, 3.78 and, respectively, 4.15 g% calcium (Ca) 36-wk.-old hens and 68-wk.-old hens: r = +0.72 and +0.84, respectively, but 
INTRODUCTION
The Ca requirements in the laying hen are strongly elevated in hen during laying but the exact levels are not fully established. Egg laying and shell calcifications impose severe extra demands on ionic Ca homeostasis; especially in birds characterized by their high laying rate (An et al., 2016; Barr, 2008) . On the other hand, Ca intake in the diet should be correlated with the absorption capacity of the digestive epithelium of the hen, which is not unlimited. Also, excessive Ca intake in the diet, besides being useless, can bring disadvantages by altering the level of other components of the diet. Ca diet alterations fall into a rapid change of the hen health status and the quality of the egg shell, so that a dietary content/requirement imbalance has immediate and high negative economic consequences (Hurwitz, 1009; Preda et al., 2013; Dojană et al., 2015) . Layers are quite sensitive to changes in Ca intake / export balance. In this context, the purpose of this paper was to determine the effects of different levels of diet Ca upon Ca balance in higher laying.
MATERIALS AND METHODS
The research was performed on 1,400 cap. Hyline Brown hens randomly divided in four groups and raised in industrial system. The hens were fed ad libitum during the laying period, on diets based on maize, soaked soy, young wheat, sunflower seed 32%, sunflower oil, monoCa phosphate, sodium chloride, sodium bicarbonate, methionine, Xanto Plus 20, L-Lysine and a vitamin-minerals supplement. The Ca contents of the diets along the laying cycle for each group are presented in Table 1 . The composition of the diets was determined by calculation according to the quantities of the ingredients and their composition using an INRA 
RESULTS AND DISCUSSION
Regarding the influence of the diet Ca level on the Ca balance, of the total ingested Ca, a significant part is not absorbed (or, if absorbed, it is eliminated via urinary tract) ( Table 2 ). The amount of unabsorbed Ca and exonerated by feces has the highest values at the beginning of the laying cycle (in 20-wk.-old hens, a mean value of 2.32±0.63 g/cap./day) and lower values in the peak of laying (36-wk.-old hens, 1.77±0.55g/cap./day) and at the end of the cycle (1.50±1.01 g/cap./day in the 68-wk.-old hens). Higher values of the Ca lost by feces in 20-wk.-old hens vs. 36-and 68-wk.-old age hens could be explained by the existence of higher Ca depots (medullar bone) built during pre-laying period (Hurwitz, 1990; Roland et al., 2003) . Preferentially, the hen could use this medullar Ca instead to absorb the diet Ca, but the exact mechanism was not fully explained (An, 2016; Roland et al., 2002) .
According to the data from Table 2 , the amount of Ca exonerated by the feces (and urine) as unabsorbed Ca increases as the amount of ingested Ca increases inside of each hen age category (in g/cap./day): from 1.77 to 2.73 (P = 0.003) in 20-week-old hens, from 0.94 to 2.55 (P = 0.021) in 36-week-old hens and from 0.88 to 2.27 (P < 0.001) in 68-week-old hens. This claims a limit value for Ca absorption capacity, depending on the age of the hens, or the existence of an adaptive absorption mechanism, according to the requirements of the level of egg production. Ingested Ca levels over 3.43 g/cap./day are no followed by an increase of the rate of absorption anymore, in 36-wk.-old and 68-wk.-old hens. The exonerated Ca can be considered as an unnecessary surplus added in the diets once the Ca in question is not absorbed or the quality of the eggshell is not improved by this surplus (Pelicia et al., 2009; Preda et al., 2013) . Values with the same superscript letter differ significantly at P < 0.05 Pelicia et al. (2009) experimented four different Ca level diets (3.0, 3.5, 4.0, and 4.5%) and reported that the birds use part of diet Ca and excreted the excess. Same authors reported that in excessive diet Ca, the availability of other minerals, such as phosphorus, magnesium, and zinc, may be affected, causing secondary deficiencies. For example, high Ca intake may impact P utilization due to Ca:P ratio changes (Anderson et al., 1995) . Our results are also in agreement with those of Farmer (1983), who also found a limit of the Ca absorption rate: in their opinion, the limit of Ca absorption is a physiological one, and the hen must take Ca from the bone reserves when the requirements exceed the absorption capacity.
On the other hand, the Ca content of the egg shell increased with the amount of ingested Ca. This increase was not directly proportional to the amount of ingested Ca. The increase of the Ca content of the egg shell according the Ca intake was found statistically significant (P<0.05) in 36-and 68-wk.-old hens, but not in 20-wk.-old hens. According to the data from Table 2 , some of the absorbed Ca is exonerated by the egg shell. But the amount of Ca exonerated by eggshell is lesser than the amount of absorbed Ca (Table 2 , line 7). This Ca surplus could be deposed in the body (bones, in main) or exonerated by urine. Such surplus of Ca increases as the amount of Ca intake increases from group I to group IV for every age category, but the differences were found statistically significant (P = 0.011) in the 20-wk.-old hens only. Such a situation revels that the amount of the dietary Ca and absorbed Ca exceed the Ca requirements of those hens. Blood plasma Ca showed significantly higher values in group II, group III and group IV when compared by group I (P < 0.05, Table 3 ). The level of increasing from one group to another was not proportional to ingested Ca, and the values were lowest in hen groups with highest intake of Ca: from group III to group IV (from 4.16 to 4.60 g/cap./day, Figure 1 ). The fact that the amount of the increasing from group III to group IV was lowest vs. the increase from group I to II or from group II to III, despite their higher Ca levels, could reveals the limitative capacity of the hen digestive tract to absorb the increasing amount of the dietary Ca. Ca level seems to be very easily influenced by a number of factors. Apart from the level of Ca intake, described in our experiments, they were reported influences on the blood plasma Ca according to the breed, in Cornish vs. Plymouty Rock (Preda et al., 2013) , vitamin D status (Dojană et al., 2014) or hormonal status (Dojană et al., 2015) . Pelicia et al. (2009) reported significant increases (P < 0.05) of the level of plasma Ca in hens during the second laying cycle (90-wk.-old hens) fed on diets containing 3.0-3.5-4.0 and, respectively, 4.5% Ca. An increasing in blood plasma Ca according to the diet Ca levels reported Bölükbasi et al. (2005) who found linear increase of blood plasma Ca in hen supplemented by vitamin D.
Our results are also in agreement with Pelicia et al. (2009) : they discussed about a linear increase of both, blood and excreta Ca concentrations, as dietary Ca levels increased. Inversely, in the case of Ca-deficient diets, there is higher Ca utilization due to higher efficiency of intestinal absorption (Hamilton and Cipera, 1981) . with the Ca level in the diet is quite limited. Increasing of the Ca content of the shell takes place only to the extent that Ca intake comes to complete the requirements. Too high Ca intake is no longer followed by an increase in the Ca of the shell in young hens (at the beginning of the laying cycle) (Negoiță et al., 2017; Hurwitz, 1996) . According to the data presented in Table 4 , this upper limit of the level of Ca in the diet, over which the Ca in the egg shell does not increase any more, seems to be about 3.38 g% for a mean of 0.52g/cap./day Ca exonerated in eggshell, and 4.16 when the Ca lost by eggshell is over 1.2 g/cap./day. Ca intakes over 4.6 do not help improving the Ca content of the eggshell anymore. 
CONCLUSIONS
The results showed a maximal physiologic limit value for Ca absorption, and an adaptive absorption capacity of the digestive tract, according to the requirements of the level of egg production. In high egg production hens, the diet Ca levels should be strongly correlated with the level of the Ca exonerated by eggshell.
